1 Reactions of nucleophilic substitution between 5-R-2,3-dichloro-1,4-naphthoquinones and 4-amino-5-heteryl-4H-1,2,4-triazoles-3-thiols were carried out. It is shown that the interaction can take place in two alternative ways and the reaction direction is controlled by reaction conditions. Search of differences in atoms reactivity in investigated molecules by comparing the calculated Fukui atonic indices was conducted. The influence of electron donor and electron acceptor substituent in 2,3-dichloro-1,4-naphthoquinone 5 th position on the nucleophilic substitution reaction regioselectivity was shown experimentally. Comparison of obtained 1 H NMR spectra with DFT calculated for both possible isomers of obtained products allowed to uniquely attribute synthesized compounds to relevant structures. The synthesized compounds were characterized by IR, 1 H NMR,
Introduction
Thiotriazole is the core of various therapeutic agents that have shown an antimicrobial activity [1] . Condensation of such heterocycle with various pharmacophore fragments, including 1,4-quinoid, enables design of thiadiazine systems with potential antimicrobial, anti-inflammatory and anti-tumor activities [1] [2] [3] [4] [5] [6] [7] [8] [9] . Thiotriazole molecule is a bifunctional nucleophile and has two reactive centers. Due to the presence of thionethiol tautomerism in the molecule S-nucleophilic center activation can be held by shifting a tautomeric equilibrium. So, in nonpolar solvents the thione form of bifunctional nucleophile prevails, and in polar solventsthiol tautomeric form [8, 10] . The nature and arrangement of substituent in quinones have a strong steering effect in the reaction. So, it was established that in the studied reaction a big difference of its regioselectivity was observed in the case of the introduction of the substituent in the aromatic nucleus of the naphthoquinoid system [9] . 
Experimental
All the chemicals were purchased from Aldrich Chemical Company (USA) and were used without further purification. The reactions were monitored by precoated aluminum silica gel 60F 254 thin layer plates (TLC analysis) procured from Merck (Germany). Preparative thin layer chromatography was performed on glass plates Stratocrom SI 200 mm×200 mm×3 mm procured from Farmitalia Carlo Erba (Italy). Melting points (m.p.) were determined using an SRS-EZMelt automated melting point instrument without correction. Infrared (IR) spectra were recorded on a Specord-80M spectrophotometer in potassium bromide pellets. The nuclear magnetic resonance ( 1 H NMR and 13 C NMR) spectra of the compounds were recorded in deuterated dimethyl sulfoxide (DMSO-d 6 ) with "Varian VXR" (300 MHz) NMR spectrometer and chemical shifts were expressed in δ parts per million (ppm). Shifts reported are relative to the signal of the solvent used in each case and coupling constants are reported in Hz (s: singlet, bs: broad singlet, d: doublet, t: triplet, dd: double doublet, m: multiplet). LC-MS spectra were recorded using a chromatography/mass spectrometric system that consists of high-performance liquid chromatograph "Agilent 1100 Series" equipped with diode-matrix and mass-selective detector "Aligent LC/MSD SL". Plates with a uniform layer of silica gel were dried in the oven at the temperature of 383 K, then cooled. The samples were dissolved in DMF and applied on a thin tube with a diameter of 1 mm, plate dried. The dried plate was placed in a chamber for chromatography; eluent methanol-toluene (2:1) was used. After separation of substances plates were dried. Then individual separated bands were removed by a scalpel. Obtained mixture was placed in a miniature silica gel column, which was eluted with methanol-chloroform (1:2) solvent. The resulting eluate was evaporated under vacuum; the residue was recrystallized in dimethylformamide (DMF)/ethanol (EtOH). 
General Procedure for the

3-{[4-amino-5-(3-methylfuran-2-yl)-4H-1,2,4-triazol-3-yl]sulfanyl}-2-chloro-5-methoxynaphthalene-1,4-dione (11
Results and Discussion
Calculated Fukui Atomic Indices
Based on the results of our previous studies, where optimization of the reaction conditions has been described and optimum regimes of interactions were determined, we conducted a series of synthesis of new heterocyclic derivatives of 1,4-naphthoquinone.
As naphthoquinones with the substituent in the 5 th position, namely with an electron donor 5-amino-2,3-dichloro-1,4-naphthoquinone 1, 5-hydroxy-2,3-dichloro-1,4-naphthoquinone 2, 5-methoxy-2,3-dichloro-1,4-naphthoquinone 3 were used, and with an electron acceptor -5-nitro-2,3-dichloro-1,4-naphthoquinone 4 was chosen.
To predict and explain the regioselectivity of nucleophilic substitution reaction, we calculated Fukui atomic indices [9, [13] [14] [15] of reacting atoms. Investigated compounds were calculated using Jaguar software [16] on B3LYP/6-31G(d,p) level in PBF solvent model (ethanol). Local Fukui indices are helpful in searching differences in the reactivity of some atoms in the ranks of the molecules and make possible to predict the regioselectivity of nucleophilic substitution reactions in our case. The calculated indices of quinones reacting atoms are shown in Table 1 . Since C 2 and C 3 atoms in the quinone molecule show electrophilic properties, we are interested in comparing and analyzing the values of f_NN LUMO, which high positive values indicate more electrophilic properties of reacting atoms compared with other compounds. Based on the obtained data we can assume that more electrophilic centers of molecule 5-R-2,3-dichloro-1,4-naphthoquinone must react with nucleophilic atoms of 4-amino-5-heteryl-4H-1,2,4-triazole-3-thiols 5a, 5b faster.
Synthesis of Heterocyclic Derivatives of 1,4-Quinones
Interaction of 5-amino-2,3-dichloro-1,4-naphthoquinone 1, 5-hydroxy-2,3-dichloro-1,4-naphthoquinone 2 and 5-methoxy-2,3-dichloro-1,4-naphthoquinone 3 with 4-amino-5-heteryl-4H-1,2,4-triazole-3-thiols 5a, 5b was held by two alternative paths A and B (Scheme 1). As a result of N-nucleophilic substitution of chlorine atom 6, 8, 10, 12, 14-17 derivatives were formed. The reaction was carried out in toluene in the presence of Et 3 N. The reaction mass was heated and maintained at 353 K for 4 h. The precipitate was filtered and recrystallized (Path A). While carrying out the reaction in ethanol in the presence of an equivalent amount of K 2 CO 3 we obtained products of S-nucleophilic substitution 7, 9, 11, 13, 18-21. The reaction mass was heated and maintained at 313 K for 2 h and the precipitate was filtered and recrystallized (Path B).
During the analysis of chromatographic data of the reaction products by TLC it was established that the synthesis proceeds regiospecifically with the formation of high yields of compounds 6-13 (57-71 %). Guided by the analysis of reactivity it can be assumed that the isolated compounds 6-13 are products of S-and N-nucleophilic substitution by chlorine atom in The reaction of 5-nitro-2,3-dichloro-1,4-naphthoquinone 4 with heterylaminothiotriazoles 5a, 5b was subordinated by described above rules for the electron acceptor influence of substituents, as the result N-and S-substituted products of chlorine atom at C 2 carbon position were obtained (Scheme 2).
Analyzing the reaction products it was found that synthesis takes place exclusively regiospecifically to form products of nucleophilic substitution 22-25. Comparing the 5-nitro-2,3-dichloro-1,4-naphthoquinone 4 LUMO f_NN it was found that (LUMO f_NN_C 2 0.11) > > (LUMO f_NN_C 3 0.10). This indicates more electrophilic properties of C 2 reactive atom. Based on this, we assume that the isolated products 22-25 are products of nucleophilic attack on the C 2 carbon atom of the quinoid system.
On IR spectra of compounds As for the IR spectra of compounds 7, 9, 11, 13, 18-21, 23, 25, they are characterized by intense bands characteristic for asymmetric and symmetric stretching vibrations of NH 2 -group at 3530-3275 cm . Analysis of IR spectra allowed to make a foregone conclusion that the direction of the reaction of Nnucleophilic products and, accordingly, S-nucleophilic substitution can be monitored by conditions of synthesis, and the main factor is the choice of the solvent.
NMR Characterization of Obtained Products
The difficult challenge was to attribute isolated products to corresponding structural formulas by their 1 H NMR spectra. For the purpose of attributing compounds to the relevant structures using their 1 H NMR spectra it was made their GIAO calculations for both possible forms of established products by GAUSSIAN 09 program package using B3LYP/6-311+G(2d,p)// 6-31G(d,p) level in PCM solvent model (DMSO).
The main differences between the calculated NMR spectra of forms N S _C 2 
